ings suggest that having higher genetic literacy skills may increase the public's ability to form opinions about clinical applications of genomic discovery. However, repeated media exposure to high-profile stories may artificially inflate confidence among those with low genetic literacy.
Introduction
In May 2013, actress and filmmaker Angelina Jolie wrote an op-ed in the New York Times about her unusually high risk for breast cancer due to a BRCA1 genetic mutation and her resulting decision to have both breasts surgically removed [1] . She encouraged women to seek information, explore options, and take action regarding their own cancer risk -messages she reiterated in March 2015 when announcing her decision to have her ovaries and fallopian tubes surgically removed as well [2] . Widespread media coverage [3] of Jolie's initial decision brought genomics to the forefront of public discourse, opening a discussion that was continued by her second announcement.
This increased public attention on genetic risk provides an ideal context for evaluating the public's capacity to use genomic information in everyday situations and the impact of such information on health decision-making. The Risk Information Seeking and Processing (RISP) model provides a framework for considering factors that influence the public to take an active role in acquiring and applying information [4] . The concepts in this model guide our current work exploring the role of genetic literacy in how the public evaluated Angelina Jolie's decisions to surgically reduce her risk for breast cancer.
There is a long history of celebrities' health experiences influencing related public awareness, opinions, and behaviors, both with health enhancing and detrimental effects. For example, Nancy Reagan's mastectomy in 1987 was associated with subsequent improvements in cancer screening and treatment [4, 5] . More recently, Jenny McCarthy's outspoken condemnation of vaccines has promoted distrust in this public health practice [6] . In the realm of breast cancer, women credit the media more often than friends, family, or medical professionals when asked to cite the sources of memorable messages about breast cancer [7] . In the RISP model, the influence of pop culture contributes to 'informational subjective norms' that shape what the public considers to be important to learn and sufficient to know regarding a given risk [8, 9] . Angelina Jolie's outspoken medical choices had unique potential to influence public norms considering the difficult decisions that accompany BRCA genetic mutations.
On average, 55-65% of women with the BRCA1 genetic mutation will develop breast cancer before age 70, compared to a 12% lifetime risk for those without the mutation [10] . However, BRCA1 and BRCA2 genetic mutations are responsible for only 5-10% of all breast cancer cases [10] . Several studies have shown both mastectomies and oophorectomies to be effective in cancer risk reduction, though the relative benefit of mastectomy compared to less invasive methods (i.e. intensive screening, chemoprevention) remains uncertain and long-term survival benefits need confirmation [11] [12] [13] . As these elective surgeries come with significant risk, financial cost, and personal sacrifice, they are not universally recommended by the United States Preventive Services Task Force (USPSTF) or the National Comprehensive Cancer Network. Therefore, managing the genetic risk for breast cancer depends on the patient's values, and as often the physician's values [14] , both of which can be influenced by the mass media.
Several blogs and editorials [15] [16] [17] quickly reacted to the news of Jolie's mastectomy, expressing concern that misunderstanding or misinformation about genomics in the media might lead to confusion. Exploring the legitimacy of worries about the public effect of Jolie's announcement, Borzekowski et al. [18] conducted a nationally representative study in 2013 and found that awareness of Jolie's news was not associated with increased understanding and may have actually confused conceptions of familial breast cancer risk. While that study did not detect behavior changes, research conducted in the UK in 2014 found an increase in monthly referrals to breast cancer family history clinics and genetics centers and a doubling in demand for testing following Jolie's announcement, though other factors potentially contributed to the trend [15] . In December 2013, the USPSTF published a warning against BRCA genetic testing for women at low risk, who are unlikely to benefit [19] .
With Jolie's second announcement again gaining widespread media coverage, the questions remain -how prepared is the public to use genomic information in everyday situations like watching the nightly news? And how does their confidence influence their use of information gained through media exposure? Previous research on genetic literacy has highlighted public confusion and misunderstanding by assessing what respondents know about genes [20] [21] [22] ; in Borzekowski et al.'s [18] study, this entailed reciting the population risk for breast cancer as compared to the risk of those with BRCA mutations. However, the RISP model suggests that many factors besides gaps in knowledge could influence information seeking and processing [23] . The ability to properly interpret genetic information is likely to be especially important considering the dramatic increase in online information seeking about genetic breast cancer and preventive mastectomies that followed Jolie's first editorial [24, 25] . Therefore, we focused on a specific facet of genetic literacy -the skills to comprehend provided information about genetics. We posit that those with high genetic literacy skills would be more capable of incorporating genomic information from the media into their assessments of Jolie's decision.
Unlike many encounters with genetic risk information, Jolie's media blitz occurred outside the clinical realm. Therefore, in addition to objective skills, we were interested in individuals' perceived confidence to apply their genomics knowledge, in this case, to assess the soundness of Jolie's decision. Recent research into the similar construct of genetic self-efficacy has called for further investigation into the general population's perceived ability to use genomic information [26] . The importance of measuring the public's confidence with using genomic information cannot be ignored considering the proliferation of genomic health information in consumer settings and online [27, 28] . Both outlets call on individuals to evaluate genetic information without an expert or clinician. Of course, high confidence will be most useful for decision-making if it is properly informed by knowledge and skills [29] . Similar to the role of perceived capability in the RISP model, we considered confidence as a potential mechanism that links media exposure and genetic literacy skills to opinions about prophylactic mastectomies. In this sense, confidence may supplement knowledge by enabling one to apply what they know to make judgments and take action. We thus ask whether those who lack the confidence to apply what they know about genomics are able to benefit from their genetic literacy skills when forming opinions.
To answer these questions, we modeled the main effects and possible interaction of genetic literary skills and media exposure, while testing for mediation by confidence, in association with the formation and direction of opinions about prophylactic mastectomies. The aim of this analysis was to employ an innovative approach to measuring genetic literacy, with a focus on applied skills and perceived confidence. In capturing this widespread media event, we hoped to enhance understanding of the potential benefits of informed confidence and capable information processing alongside the potential harms of misinformation.
Materials and Methods
The Genetic Literacy Survey was conducted in November 2013 to gather information about how adults in the United States understand genomics and apply this knowledge in everyday situations. The protocol was deemed exempt by the National Institutes of Health Office of Human Research Protections as well as by the University of Pennsylvania Institutional Review Board.
Sample
Approximately 6 months following Angelina Jolie's first op-ed in the New York Times, a total of 1,008 men and women completed our electronic survey. Responses were collected by GfK (market research company) through a heterogeneous consumer panel designed to represent the U.S. adult population, with wide variation in geographic region, education level, age, and household income. The sample over-represented Black non-Hispanic adults.
Survey
The questionnaire was designed to take less than 30 min to complete and included 122 items on genetic literacy and applications of genomic knowledge. The key measures for this report include the following:
Exposure to Angelina Jolie's Media Story. Respondents reported whether or not they had read Jolie's op-ed entitled 'My Medical Choice' in the New York Times and how often they had heard about this story from someone they knew or from media sources (TV, radio, magazines, newspapers, or the Internet) -questions designed based on a validated measure of encoded exposure [30] . The number of times each respondent had read or heard about this story was summed into one composite variable. We used the median value when respondents selected a range, so that a response of '2-4 times' was given the value of 3 when summing total media exposure. If respondents did not provide an answer for one or two of the three questions, it was entered as 0 when summing. If they did not respond to all three questions about media exposure, they were considered missing on this variable and were not included in the analyses. Total media exposure scores ranged from 0 to 21.
Genetic Literacy Skills. Respondents were presented with facts about the genetic risk for breast cancer and a pictograph illustrating the relative risk for those with and without the rare BRCA genetic mutations (online suppl. fig. 1 ; for all online suppl. material, see www.karger.com/doi/10.1159/000447944). This information sheet was derived from the state of the science regarding optimal risk communication strategies [31] [32] [33] . Respondents could refer back to this information to answer six multiple choice and fill-inthe-blank questions, such as 'About how many women out of 100 who do not have a BRCA1 or BRCA2 mutation will get breast cancer?' Respondents received a point for each correct answer and no points for incorrect and unanswered questions, resulting in scores ranging from 0 to 6. Respondents who answered none of the six questions were considered missing on this variable and were excluded from the analyses. This original measure of genetic literacy was designed to focus on respondents' ability to interpret and apply provided information to align with trends in increasing user control in seeking and processing risk information [23] and expanding opportunities to encounter genomics outside the clinical setting. We have previously found this genetic literacy skills instrument to be more difficult for the general public than recognizing genomic terms, but easier than true/false questions about the biology of genomics [34] .
Confidence. Respondents were presented with a hypothetical scenario in which a celebrity decided to have both breasts removed after learning that she carried a 'faulty' gene that greatly increased her risk for breast cancer. Respondents were asked how confident they were to apply what they knew about genomics to evaluate the justification of this decision, ranging from 1 (not at all confident) to 7 (completely confident). This question was derived from previous measures of genetic self-efficacy [26, 35] .
Opinionation about Prophylactic Mastectomies. Respondents were asked how much they agreed with the statement: 'Women who have a harmful BRCA1 or BRCA2 gene mutation should get a mastectomy.' We first created a variable to capture 'opinionation', whether respondents chose a side in this difficult health scenario or remained neutral. Respondents who strongly, mostly, or somewhat agreed or disagreed were considered to have decisively formed an opinion. Those who said they did not know or selected to neither agree nor disagree (neutral option number four on the seven-point scale) were considered to not have formed an opinion on the issue.
Opinions about Prophylactic Mastectomies. A separate variable used this same question to capture the direction of opinions based on respondents' level of agreement with prophylactic mastecto-285 mies for women with BRCA mutations, with 1 indicating 'strongly disagree' and 7 indicating 'strongly agree' with having the surgery. Respondents who selected 'do not know' (n = 63) were coded as missing when this variable was used in linear regressions.
Demographics. Respondents self-reported demographics such as gender, race, age, education level, and household income.
Analysis
We used SPSS statistical software to conduct our analyses. Respondents with missing data on media exposure, genetic literacy skills, confidence, or opinionation were dropped from our analyses, and those who selected 'do not know' were considered missing when modeling opinions. All models were adjusted for gender, race, age, education, and household income. Age, education level, and household income were entered as continuous variables in the models.
First, we computed descriptive statistics on key variables. Then, we modeled the main effects and interactions of media exposure and genetic literacy skills in association with the formation and direction of opinions about prophylactic mastectomies, and tested whether such associations were mediated by confidence (online suppl. fig. 2 ). We used logistic and linear regressions in the first four-step process to assess (1) the associations of media exposure and genetic literacy skills with the binary outcome of opinionation about prophylactic mastectomies, (2) the associations of these independent variables with the mediating variable of confidence, (3) the association of confidence with the outcome of opinionation, and (4) the best model of independent variables from step one while adjusting for confidence. This four-step procedure was repeated using linear regressions for the outcome of opinions about prophylactic mastectomies, with higher values indicating more agreement with the surgery. In both sets of tests, we began steps one and two with testing main effects of media exposure and genetic literacy skills and then built up by adding their interaction. We dropped insignificant interactions, using corrected Akaike information criterion values to determine which model best fit the data without unnecessary complexity.
Results
The characteristics of the sample of 1,008 respondents are presented in table 1 . Respondents had heard about Angelina Jolie's news story an average of 3.5 times (SD = 4.21). Genetic literacy skills were moderate, with an average score of 3.94 correct responses (SD = 1.89). All six of the genetic literacy skills questions were answered correctly by more than half of the respondents. Sixty-three percent of the sample were considered to have 'high genetic literacy skills' by scoring above average (at least four correct responses). Fifty-eight percent of respondents were at least somewhat confident in using their knowledge of genomics to assess the decision to have a mastectomy, with an average response of 4.66 (SD = 1.69).
When asked whether women with BRCA mutations should get mastectomies, about 51% of respondents neither agreed nor disagreed, while 6% did not know. These respondents (57%) were grouped as 'indecisive' for having not formed an opinion about this risk-reducing strategy. The remaining 'decisive' respondents were relatively evenly split, with about 19% agreeing and about 24% disagreeing that women with BRCA mutations should have mastectomies.
Factors Associated with Opinionation about Mastectomies
In the first step of this mediation procedure ( table 2 ) , logistic regressions revealed that genetic literacy skills were significantly associated with forming an opinion about mastectomies (B = 0.162, p < 0.001), while media exposure and interaction were not significant. In the second step, linear regressions showed that media exposure and genetic literacy skills were both positively related to the mediating variable -confidence applying genomic knowledge to assess the justification of Jolie's choice (B = 0.152, p < 0.001, and B = 0.175, p < 0.001, respectively). Media exposure had a greater impact on confidence for those with lower genetic literacy skills (interaction: B = -0.018, p = 0.011) ( fig. 1 ). This interaction shows that when media exposure was very high, the expected confidence score for those with low genetic literacy skills was higher than the expected confidence of those with high genetic literacy skills. In the third step, confidence was not associated with opinionation (B = 0.070, p = 0.071), indicating no evidence for mediation in this case. When confidence was entered into the model with the independent variables, genetic literacy skills remained the only significant association with forming an opinion (B = 0.157, p < 0.001).
Factors Associated with Agreeing with Mastectomies
We repeated the four-step mediation process using linear regressions for the outcome of opinions agreeing with mastectomies ( table 3 ) . Complete data for this outcome were available for 945 respondents. In the first step of this mediation procedure ( table 2 ) , the best fit model showed a significant association of media exposure with opinions favoring mastectomies (B = 0.027, p = 0.011), though the overall model was not significant (F = 10.060, p = 0.435). Genetic literacy skills were not associated with opinions and did not interact with media exposure. Modeling confidence revealed the same pattern as seen above -media exposure had a greater impact on confidence for those with lower genetic literacy skills. In step three of the mediation test, we found that increased confidence was significantly associated with opinions favoring mastectomies (B = 0.191, p < 0.001). When confidence was entered into the model with the independent variables, confidence remained significant (B = 0.189, p < 0.001) while the effect size for media exposure dropped and was no longer significant (B = 0.012, p = 0.244). Therefore, confidence to apply genomic knowledge mediated the association between media exposure and opinions about mastectomies. In addition, there was an indirect effect of genetic literacy skills on opinions through the pathway of increased confidence (Sobel test effect = 0.026, p < 0.001). 
Discussion
The occurrence of high-profile individuals publicizing health decisions related to genomics is inevitable and likely to increase with new testing capabilities. Our results provide insight into the public's preparedness to evaluate and respond to such media coverage.
Our results suggest that the most important factor in forming an opinion was the objective ability to use genomic information. This association between genetic literacy skills and opinionation is consistent with that reported by Lillie et al. [36] . Those with higher health literacy preferred to have more control in making medical decisions rather than deferring to their doctor. Thus, higher genetic literacy skills may enable more thoughtful consideration of genetic cancer risk to form an opinion regarding whether women with BRCA mutations should have risk-reducing surgery. However, in this cross-sectional study, directionality is unclear. It is also possible that our measures of genetic literacy skills and opinionation were capturing engagement with the topic of genomics; those who carefully referred to the information sheet also may have more extensively considered their opinion about prophylactic mastectomies rather than remaining neutral.
Repeated exposure to Jolie's media story was associated with greater confidence even for those less skilled with, or engaged with, the topic. Such effects could be problematic considering the viral nature of modern mass media coverage and its tendency to frame genetic research in misleading ways in the past. Our models suggested that very high media exposure resulted in higher expected confidence for those with lower genetic literacy skills. With Jolie's story featured in the main section of elite newspapers as well as front cover stories [3] , this finding raises concerns about the potential of high-profile news stories to artificially inflate confidence among those least prepared to use genomic information. Future research should prospectively evaluate confidence with genomics and information seeking.
Increased confidence applying genomics was associated with favoring mastectomies, a relationship that overrode the main effect of media exposure. These findings align with the RISP model's emphasis on 'perceived information gathering capacity' [8] . For example, 'Internet self-efficacy' has been shown to mediate the association between web use experience and attitudes towards the quality of information through overcoming barriers of online information seeking [37] . Similarly, confidence applying genomics may play a crucial role in fostering greater processing of information in the media to promote favorable opinions about this preventive surgery. These findings also align with those that have shown perceived knowledge about genomics to be a greater driver of attitudes and decisions than actual genomic knowledge [29] .
Despite significant health and psychological implications, prophylactic mastectomies can be risk-reducing for those at highest risk of breast cancer [11, 13] . Therefore, the link between confidence and opinions favoring mas- tectomies implies a potential benefit of appropriately improving confidence with genomic information. In our study population, the majority appear to have appropriate confidence in that 70% of those with above average confidence also had above average genetic literacy skills. Learning more about the remaining 30% and the gaps between what they actually know and what they think they know will be important [29] . For example, future research should consider whether confidence operates differently for individuals with and without objective genetic literacy. Longitudinal or experimental research could help decipher directionality, as the observed association likely partially captures how previously favoring mastectomies might promote confidence in evaluating Jolie's decision. In addition, the potential benefits of confidence to apply genomic knowledge should be explored in other relevant scenarios, such as assessing DNA evidence on jury duty, genetically modified food labels, and claims of ancestry testing.
The strengths of this study include the large sample size that relatively accurately represents the U.S. adult population. Our panel over-represented Black non-Hispanic respondents, which means that the data do not reflect the exact demographics of the United States. However, this sample captured the opinions of a group that is often underrepresented in genomics research and provided the opportunity to investigate racial differences in future analyses. We did not weight our data based on race because doing so would have involved losing much of our sample and reducing its statistical power while inferring responses, which would have led to more complex results. We instead adjusted for race in our models. The limitations of the study include cross-sectional data collection. However, the survey was designed to capitalize on a news event, and thus collecting baseline data beforehand was not a possibility. While our study does not account for individuals' breast cancer risk/diagnosis or experiences with genetic testing or cancer screening, it is reasonable to expect such influences to reflect those of the general population, and the goal of this study was to characterize the public rather than a patient sample. It is still possible that genetic literacy skills, confidence, opinionation, and attitudes are partially driven by previous experiences with breast cancer or genomic risk and other contextual factors not captured by the survey. Future research should consider how such personal experiences affect the patterns we observed.
Our study was able to capture the public after a viral news story had brought genomics into the mainstream media, revealing the link between exposure to such media coverage and confidence applying genomic knowledge. We found this association to be exacerbated for those with low genetic literacy skills, while having high skills was the only factor that facilitated forming an opinion regarding mastectomies. These findings reveal a subset of the population whose confidence with genomics is more vulnerable to the influence of mass media, suggesting the importance of utilizing media coverage to educate the public. Properly improving the public's confidence applying genomic knowledge is critical considering its role moving from media exposure to shaping opinions about risk reduction.
